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TITLE; , ROLE OF ATRI/iL RECETTCBS I» TiiE cajTROL OF SODIU4 EXCRETION 


SUEI-iriTED TO; KATIOl^AL AERaiALmcS AND SPACE ADJilKISTRATION 




Diaring the period of 1968-69, an attempt v/as made to determine whether the 
cardiac receptors produced a redistribution of intrarenal blood flow. The 
Kiethod of ’choice v;as a silicone perfusion technique developed by Dr. Sidney S. 
Sobin, Department of Physiology and elcg^tly used by Dr, Bjirgsr of Harvard 
University, Barger and his co-worlcers had presented evidence that the renal 
nerves are influential in redistributing blood flow from the cortical to the 
medullary circulation which itiight account for significant sodiuia retention. 

Both the krypton wash-out technique and silicone casting technique were used 
to demonstrate this redistribution phenomena, . ‘ 

Stimulation of the cardiao receptors by positive aiid negative pressure 
■breathing failed to elicit a cast pattern similar to that obtained by Barger 
and co-x^orkers. Further, there were no significant. differences in the cashed 
patterns of innervated or contralateral denervatsd kidneys (Fig. 1) . Then 
several attempts were made to confirm Barger’s observations that direct renal 
nerve stimulation produced the phenomena. We were unable to reproduce the • 
Barger pattern (Fig, 2) . After a relatively long period of failure to elicit 
patterns comparable to those published by Dr. Barger and co-workers, it became 
evident that the technique of silicone casting differed. Following in-situ 
renal nerve stimulation. Dr. Barger and colleagues removed the kidneys from 
the body, interrupted ; blood flow, cannulated the renal artery and then 
perfused the silicone casting material. Dr, Sobin *s technique used in our 
studies consisted of cannulatiiig the abdominal aorta and inferior vena cava 
with polyethylene T tubes wi'fcliout interrupting flow to 'the kidneys. .After a 
stabiliration periodjflow was interrupted and silicone casting fluid was perfused 
instantaneously at physiologic pressures. 



K siginf icant. effort was made, following tne recognition of the differences 
in technique, to evaluate whether these techniques of and by thez.-\selves could 
account for the differences in findings. The technique consisted of perfusing 
one kidney in-situ (Sobin technique) following the excision of the. contralateral 
kidney for subsequent perfusion outside the- body (Bcirger technique) . The 
silicone perfusion pattern in the excised kidney reseiabled those presented by 
Barger and colleagues, and covQ-d quite readily be interpreted as deirx>nstrating 
redistribtuicn, while the in situ kidney showed no. evidence of a redistributed 
pattern (Big. 3) . The pattern in the in situ perfused kidney was consistent 
with all our previous work. It was concluded frera these studies that the 
redistributed pattern of renal blood flow as previously demonstrated by the 
■silicone casting technique v;as probably artif actual. This work was presenfc-d 
in abstract fonti at the Federation Proceeding Lleetings of 1969. in Chicago. 
(Abstract is enclosed), 

tniring toe period of 1970-71, an extensive effort was made to deterKtine 
vdiether the atrial receptors had a pronounced influence on sodium excretion cind 
by w4iat efferent pathways were these receptors affecting renal function. The 
studies consisted of comparing the response in an innervated to the contralateral 
chronically denervated kidney to laild positive pressvnre breathing (PPB) in the 
saline volxme expanded chloralose anesthetized dogs. In toe absence of 
significant changes in arterial pulse pressure or blood gases which exclude 
any influence of the cheiao -receptors and high-pressure baroreceptors, mild 
positive pressure breathing significantly reduced sodium excretion, urine flow, 
free-water clearance, and paraminohippuric acid (PAH) clearance. The response 
in the normal kidney v/as more rapid and more marked than that in tlie contra- 
lateral denervated kidney when positive pressure breathing vras induced. Small 
but ir-significeuxt changes in glomerular filtration rate (GFR) as itsasured by 
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creatinine clearance were also in evidence. The reduction, in GF-R could not 
account for the changes in urine flow and sodiom excretion as fractional urine 
flov/ and fractional sodiirti excretion ^vere as significcintly depressed as normal , 
sodium excretion eind urine flow (Figs. 4 and 5), Af ter twenty lainutas of 
positive pressure breatliing, the response in the denervated kidney v;as identical 
to that in the innervated kidney suggesting that the procedure of increasing 
end expiratory airv/ay pressmre (avs, 13.5 era H 2 O) caused the release of scnie. 
humoral agent (natriuretic honnoAe) vrhich v/ill reduce renal function in addition 
to the demonstrated change in renal nerve activity. Thus at lease tiiree efferent 
mechanisms are involved in the atrial "volxjme” receptor effects on renal function 
antidiuretic hormone .(ADH) , renal nerve activity and possibly natriuretic hormone 
which results in the maintenance of plasma volunjs. This work v?as presented in 
abstract form at the Federation Proceedings Meetings in 1969 in Chicago. Further, 
a prelimincury report of this vjork has been published in Research in Experimental 
Medicine , vol, 157 (1972) . Copies of both the abstract and the article are 
enclosed. A manuscript is also in preparation. 

The specific contribution of the left atrial receptors to the antinatiuretic 
effect of PPB was also examined , In order to evaluate the contribution, a 
chronically implantable balloon device was developed (Fig, 6). The device 
consists of an external silastic tube 1/4 inch in diameter and a size 14 (Fr) 
Foley urinary retention catheter \i?ith a 5 cc retention balloon. Two dacron felt 
stainless steel sleeves are placed over the silastic tube, one is glued at the 
end v;hich-is to be inserted into the atrj.al appendage. The other is positioned 
at the point of rib closure to prevent pinching of the outer tube. 

The Foley catheter is inserted into this previously prepared t\ 2 be. The device 
is then sutured into the atrial appendage v;hich has been exposed through the 
fovirth intercostal space in the pentobarbitol anesthetized dog. Pollovjing 
recovery of the animal, experiments were carried .out. in chloralpse anesthetized 
dogs. 
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The effectiveness of the device in incrsa.sing left etrial pressure, 
heart rate and urine flow was tested and the response cor>pared to the published 
reports of otl^ers, It was found that our results ccr^pared favorably. We 
observed an increase in heart rate, and urine floX'/ v/ith changes in arterial 
pressiure (Figs. 7 8). 

The contribution of the left .atrial receptors to the Pl>3 arJ^tinatiuresis v:as 
then enatnined. It was fourid that if left atrial pressure \?as increased v/ith 
ba3.1oon obstruction of the :nitrai orifice during tlis PP3 episodes, urine flow, 
sodiuzR excretion and PAH clearance increased. K3ien the balloon was deflated 
cuvd P?S rsaintained, renal function was again depressed. The magnitude of the 
reversal in kidney function, indicates tliat tlie discharge from more than one set 
•cf receptors within the thorax capable of affecting renal function is altered 
by ?P3 (Fig.9). ' • • 

Further, efforts v/ere made to identify what these additional receptors 
''might 'Be*. ’ Vary ‘preliminary evidence'l'^^^ which indicates ’that 

receptors in the right atrivca are more severely affected by ?P3 tlian those in 
the left atrium. The P?3 depression in firing rate from left atrial receptors 
was 33% of control, while the .right atrial receptors had about a 60% in their 
firing rate. The quantitative difference in the response of these tw receptor 
regions accounts for the inability to completely reverse the renal response to 
PPB vn.th left atrial balloon inflation. In addition, the senitivity of the 
atrial receptors v/as re-examined. It was fovund tliat the B type receptors of 
Paixotal decrease their firing v/ith as little as a 1% reduction in total bleed 


volume 


1 . 

Figure 2. 
Figure 3* 
Figure 4. 

Figure 5. 

Figure 6, 
Figure 7. . 
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Effect' of rsecative pressure breathing on the silic^one 
cast pattern of the renal vascular systen, 

Effect of renal nerve stiruolation on the silicone [filling 
of the renal vascular system. * 

Effect of excision on the silicone rubber , filling 4^ the 
renal vascular system. * 

Fractional urine flow diuring 15 minutes of positive 

pressure breathing. At 13 cm mean tracheal airv.-ay prassiucs. 
Darh bars are the innervated kiinoys and the v?hite are the 
contralateral dener\»at£d kidneys. 

Fractional soditEn excretion (Cj.ja/Ccr) during 15 minutes of 
positive prossure breathing at 13 cm IJ 2 O mean tracheal 
airway pressure. Dark bars are the innervated kidneys and, 
the white are the contralateral denervated kidneys. , ^ 

Balloon device implanted into the left atrium, . . 

Effect of balloon inflation in the left atrium on mean aortic 
pressure (Z!Ao?) , left atrial pressure (LAP) and heart rata. 

-Effect of balloon inflation on urinary parematsrs-, - -UV ■ « urine 
volume, GFR = creatinine clearance, “ clearance of 

para-aminohippuric acid, CH 2 O “ free Wter clesirance, and 

■>a 


» EOdixsa excretion. 


Effect of balloon inflation during positive pressure breathing 
(CPB) on urineury parameters. 


* The light areas are the silicone rubber. 
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MKROaRCULA TOR Y 


CRITIQUE OF RIWAI SILICONE ELASTOMER PERFUSION. L.». Chapin* , 
B.WrTrgafer. $,5. Sob in * Univ. of So. Calif. School of Med., 

Dept, of Physiol., Los Angeles, Calif. 90033. 

Change In the functional state of the microcirculation vlth- 
in an organ tay be desionstrated by IntravAacular "physiologic^^ 

! perfusion' of silicone elastomers under controlled experlnental 
conditions which Include an undisturbed circulation until the 
■ »caeoC of perfusion. These techniques were developed In this 
laboratory (Uth Conference, this Society, Fed. Proc, ^:17A9, 
1966). Others have ttcencly studied the renal olcroclrcuiation 
using silicone materials In which perfusion was carried out In 
situ after death or ex vivo after rcDOval from the physiologic- ' 
. *1 atlmulus. Out Insistence on circulatory Integrity was based 

•olely on physiologic considerations, and experiocntal proof 
vas obtained by coaparlog In five dogs the filling pattern of 
In oltu perfused and excised ex vivo perfused pairs of kidneys 
exposed to the sane neurogenic stimulus elicited by bilateral 
carotid artery clamping. The tloe between claxjplng and pet- 
\ fusion was 4 and 10 oln. In 2 groups of aoliaals In the ex vivo 
t preparation. The pattern of the in situ perfused kidney was 
I severely diminished anJ chiefly confined to the cortlco-mcdul- 
• Isry Junction when cermpared with the ex vivo kidney where the 
cortex and medulla were more densely filled. It Is concluded 
that citcrovj»?ru?^r filling during silicone ciactcticr pcrfu:;laii 
end s physiological atlnulus is markedly altered by removal of 
the kidney from the stimulus prior to perfuaion. Supported by 
L«A» County Heart Assoc. Grant f218 and K.l.H. Grant i^K£-in52* 
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/ KEURAL EFFECT OP CAilDlAC RECEPTORS OTT KtOTL SALT EXCHSTIOM. 
t.V.Cha p r.an,* ttrrn^rj:* ani J.P.!»':e-:han , Ualv. of So., Calif. 
6cb. of riedTTTorXceele^, Cali; or::! a 9C)033. 

The coirtributicn of cardiac t-cceptors on the rer,nl respoese 
to laotonlc callte c/.pojisloa of the extracellular space has 
been studied. L'orri’.l and denerrated kidneys of seven dogs 
under chlor^dse a^Cdtaecxa (15^^. cocii;sred*to’tieter^^ 

’ . #kdne a ueurbl involveo^eiu. whlc.h has been denied (Carsvell, et •. 

J . cl, <^.J. Exp. Physiol. 1970). Pollovir^ l.V. saline expansion 
(1^ til/olo), inhibition of the canila: receptors by specific 
reduction of thoracit blood vcl\:ne vas acf’C’^.T>llsh'?'' by positive 
pressure breathlr.c (FF3) (5*15. tsi crji explr. press.) for 
. 50 oin. In ftdditlcn to PP3 the left atrivis was distended for 

^ 20 nlD. by a chrcnlcally l«p!or.tci left atrial balloon 15 cln. 

after onset of Prs. Aortic pressure, erterial pH, p02, ?C02 
reoMned uncharted threvLgheut the entire cxFcrirr.ent. F?E ‘ , 
caused an Irniedlatc drop In urine X'lov, k K excretion (20^ 
la 5 din) with & 12^ reduction of C-PAH in 5 cin by the inner- 
vated kidney vhi]e no change of these paraneters occurred In 
the denervated kidney et 5 oln. Creatinine clearance reaained 
' unchanged. Inflation of the talcon interrupted the drop In 
arlr.e flow and salt cxcretlcn su-^estlr^ that receptora ia the 
left atrium mediate changes In sodium excretion In the presence/’ 
pf Mgh circulatlr.e levels of ADH as Indicated by the decreased 
free water clearance. The Irnediate response eri difference 
between Innervated' a.nd d enervated kidneys su^^cst that cardiac ^ 
receptors affect rer.al furictlc.n 1/ neural pathways. Supper ted by 

A-F-Cootract f 53'5137-173»# I^-A.Co.Ht .Asan.^ 21 o,i; 2 H-f H 2 U 152 . . 
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NeuraU’i- EintlulJ voti Mcciiaiiorccc|)ion:n dc3 ncr/.ci s, 
aid die rcualc Salzaussclu UIung 
Seuntl In(ha»ce o{ Cardiac Mcrhanoreceplor.^ on the licml Salt /J.rcrf|io« 

U. Mittmasx. L. W. ('uai'mas, J. I’- M kkhan imd J. P. Hexry 
; . University of South Culiforniu. Srtioot of .Ifcdieine. Iaw AngeloM, Cahf. 

Die La«c volt Dehnun<isrcw|>torcn im Xk-tlonirucksystcm des Kr^is- 
laufs. iKSonders in der do.saU-n Wand der Vnrhofe nnd an dor Munddng 
dcr gioBen Vonen in die V.n hofo 10. 7 1, liclJ vcrmiitcn. daO Mc Information 
fiber den Fiilhmgsziistand dc« venosen Systems an das /NS 'ernut c|n. 

(Sauer u Henrv [2 1 wicsed nadi . daU cine verandertc Dehnung des UnkVn 

Vorhofs das cxtraceltulare fdussigkeit.svohnncn fiber die Sekrction von 

Adiuretin becinHuUt, Kin funktioncHer Zusammenhang von kard.alcn 
Dchnungsreccptorcn mil der rcnalen Natriumaussclieidung bheb urn- , , . 

stritten. zunial cs bei pathologisch cihohtem mtratliorakaieni u- 

men (ITV) in der Herzinsuffizienz zu ciner Natrititniotcntion und nicht, ;■ 

wie nach der Rcccptortlicoric zu erwarten. zu ciucr Natnurci^ komm . , . 

In'unseron Versueben .solltc gcklart werden. welchen EinfluB einc ver- 
. minderte Doimung der knrdialen Mcchanmeeeptoien die rcnale 

Natriuntaus-scheidung hat, tvenn cunc BceinHu-ssung der Nteienfiinktion 

durch veranderten Perfusionsdruck oder artcriclle Baio- und Chemo- : 

rcceptorcn ausgcscliiosscn winl. Dcr mogliehc EinfluB dcs Nierensympa- 
fti.f dip Xierenfunktion soUte <luich eiitcn Vcrgleich von tnncrvier- . 

U^(1N) uiKl denervierter Nicre (DN) unters^^^^^^^ - 

Jf,»/,orf/l%KontinuicTlicherterriru.kbcatm«ng{ri’B)gilt.al-sgecigneteMcthode. 

«m das ITV «nd datnit <iic Del.nm.g kardialcr Moobanoreceptoren zu v«mmdom 

(51. Dio Versuehc wunlon an l« gemischtrassigen. tved)l!chen Hunden deren 

• Xicre 1 Woche vor detn Ver^tirb denerviert worricn war. m Uiloralosonarko.^ 

.-...(t0()-120..mg/kK).d«.rchgeffd.n-..Pk H 

•nuffertc- Xa-l)iparbonat.Ko.h.«l/.l.«u»g vorhydriert fl2 ml/m.n; pH 7,45; C. 

MO inoa.«/J). Danachwuniedie Infusionsgwrhwmdigkctt dem Hsrnzeitvoiiim^^ 

(UV) an'^cgliehcn. Bci konstantem UV wurden die Hundo mtubiert “ud 1» mm lang 
niit UbrTrdnicke:! von cm H,0 iiispiratori.sch tmd 5—15 cm H jO exsptrato- 

rbch boatniet (Harvard Respirator). 

E* wurden die Druckc in dcr Aorta, Vena iliaca und im rechten 
. Vorhof mit .Slatliamcieutentcn mul der FluB in c.ncr Arter.a femora ha c ektro- 
magnotisch gemessen und auf eincm Direktscltreibcr fortlaufend n-g.strfcrt (Brush 
Instr. Div.) Arterietles pH. pO, und pCO, wurden mit Radiomcter-Elektroden ge- 

Krcatinin (CKr) und Paraaminohippursivure-Cioaranco (C|>ah) «nd Harn- 

Xatriuin-Konzcntration (Flanmicnpholotiictcr) wurden m Abstanden von 5 mm 
getrennt fur IN und DN gemessen (Tcchnieon Autoaiialyzer). 

Lt Kontrolljtcriodc und der Beatmungaporiode und zwischen IN und DN vsurden 

init Varirtn7.analyJH*a gepnift («]. ' 
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Abb. Xatniniiausschrulim^ [(WaV) mul PrciwoHHt^r* 

Clcarnnco milircml 15 mtii mil 9 cm K^O in iimor- 

vitirtcn (Hciiwar/c Saulrn) nii<t <li“r« rvii?rtoji Ni(;rcn (\Mn(le hJiiulcn) von JH initKlcn. 
UV mui sind in don inner vioi ion Niomn l>i icit« imoh 5 min PPB signifikant 

vcrringort, Kiuc Vcrmlmb^nmg in <lcn <lonorviorhm Kionni ist signiflkant gcringcr 
imil /eitlieh vcr/ogert * ! 


Knjebfiis.se, Walnvinl 15 in in IMM5 (0 cm }[./) inil tlrrw'ri arhcaUlruck) 
warcn aricricllcs pll, pOjj uml J>('02 niciifc si;^nirikant vcnuKltii, Systo* 
lischcr nnd tliastoUschcr AartcmlrucU blicbcn cf>oji falls mwcrnmlcrl, so 
daB cine Bfdnflu8s\ing dcr Nicrcnriinktion dnrcli flrtcricKo lUro- unci 
ChcnumvL'piorcn umvalusclicinlich war. Die Drnckc im rechton und tin- 
ken Vorimf uml in dcr Vena iliacu stiegen um otwa 2 mni llg.lOic Her/-- 
froquenz stic-L^ von 1 10 auf IBS St’lilago/miri nn. 

iicrcils uach 5 min PPH Hcl das UV in dcr IX vou 4,2 *J* 0,0 ml/tnin 
Auf 3,7 0.0 Ml i/m in ah, wiihrcml cs in ilin* DX nnvcrurulcrt hhe)) 

(p < 0,05), Xach 15 min war das UVin dcr IN uni 20% uml in dor 
pX um n H,, vermindert. Dcr luilcrschied zwischen IN urn) DN war 
niclifc rnchr sis;niliknnt (Abb. 1). 

AlinliHi wic das UV fkd die Xalriuiimussclicidung in tier IN bendts 
nach 5 mij) PPB um 11% ah, w/ihrciid sic in dcr l.)N <n*st ,uacli 15 in in 
signifikiijit enuedrigt war. Die iMt iwasscr-CIcaiamc war in IX und DN 
nacli 10 min I’PB emiedrigt. und c’mdchtc 5 min nach Bccridij^un^ (l(»r 
Vm cin Minimum (42 Uyav, BS% <Ics KontrolKvvrts). 

Die >var in IN nnd DN wahrend d(‘r WH niclit signifikant ver*^ 
andert. In <!en ersten 5 min dcr Bcatjmmgs]Ku iodc HcI CVau dcr IN 
signifikant sicilcr ab als in dor DN. Naoh 15 min PPB war dcr Unter- 
fielded niobt mchr i^ignilikant. 


Xvanikr KimhiB vpn Mvrhjinon^cirptoriai <lcs,nrr4t*ns r ^ . 

iMcfi^ision, Die Tm])uIsiVc(iuen7. von Ancirnxcn dcr Dclmimgsreccp* . 
toivn dcs linkrn Vorhofs ist dcr Tmpulsfrc(|ucnz dcs clTcrcntcn kardialcif 
Syinpnthicus unVgcUchrt proy»ortional [3]. l)cr Anstieg dcr IIcrTifrcquonz : 
in uiscrcn Expcrimcntcn mib vermimlcrtcr Dchnung dcr Vmhofc mag 
aufilicscn kanlio-kardialcn Rdlcx zuruclmifubrcn sein. 

Kur/Jioh hcschrieb Karim [4j cine vcrmlndcrtc Imi)ulsfrcqucnz des 
Kici’onsympatliicus bci erhdlitor Ddinungdcs linkcn Vorhofs. In uivscren 
VorMU'hcn ist bci verminderter Delmnng von Hcrzv(»rhofcn nnd grolien 
imndhorakalcn Venen entsprechend mit cincr crholiten lmpulsfrc(pi,m2 
des \icrcnsymi)atlncu.s zn rcchnon. Ks kam zu cincr raschen Verminde* 
rung <lcr Natriurnaassclicidung in dcr IN und zu ciner dgnifikant gc- 
ring«.’ron und z<'illicdi verzogerten Heuktion in dcr DN. Die rasclic \ind 
; sturkcrc Vcrmindcrung dcr CpAJi dcr IN ist dn llinwcis dafiir, daB dcr 
trenalc Sympatinmm die Natrinmrud<rcsorptit>u dnreh cine verringerte 

■ NiciciirindcndurdibluUmg bccinOufit hat. 

Die zcitlidi vorzogerte Vcrmiiulorung dcr Krci>vasscr*Clcarancc in IN 
uml DN und dcr Natrimnausscheidung in der DN Icgt jcdoch in 1 herein* 
f 8ti miming mib Arbdtcn aiidcrcr Autoren cine Bctciligung von Adiurctin 
i [5] und andcren hormonalen Faktoren [II niihc. 

j ' In unscren Kxpcriincntcn mit akutcr Vcrmindcrung dcs ITV be* 

■ achbninigte dcr Nicrcnsympatliicus ofl'cnbar die Depression dcr Nicien- 
' funl.bion, ohne jodoch fiir den Rcaktionsablauf vc ran twortli ah zu anru 
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